The smallness of the cosmological constant belongs to the unsolved problems in particle physics. Within the standard model, we obtain a vacuum energy and hence a cosmological constant of O(M leads to non-vanishing radiative corrections to the vacuum energy.
The magnitude of these contributions depends on the type of the soft susy breaking terms. Using M P lanck as an ultraviolet cutoff, the typically assumed 
gives opposite contributions to the masses squared of its real and imaginary (or scalar and pseudoscalar) components. After expressing the explicit susy breaking in terms of a spurion field in superspace [3] and using the corresponding power counting rules it is straightforward to show, that in this case the maximal radiative contributions to the vacuum energy, to all orders in perturbation theory, are bounded by O(M [7, 8] . In the presence of explicit supersymmetry breaking one needs, however, a guiding principle like super-soft susy breaking; otherwise, higher loop orders will inevitably generate contributions of O(M 2 Susy · M 2 P lanck ), even if they happen to be absent at the one loop level.
The questions arise, whether within string motivated theories such models with only super-soft susy breaking can be obtained, and whether these models can be realistic. Both questions will be answered positively below. Actually, supergravity theories with super-soft susy breaking have already been developed and discussed in [4, 9] . These theories were constructed such that the minimization of the vacuum energy generates automatically a hierarchy M Susy ≪ M P lanck (which, for self-consistency, requires the vacuum energy to be of O(M 4 Susy )). The resulting constraints on the parameters and particle spectrum are, however, very tight [10] .
We will not discuss the generation of the hierarchy M Susy vs. The problem is complicated by the fact, that generally the light particle content of these theories is split into an "observable" matter sector and a "hidden" sector (typically the graviton, dilaton and moduli superfields), whose interactions with the matter sector are suppressed by inverse powers of M P lanck . Only the matter sector makes up the softly broken supersymmetric theory discussed up to now, and higher loop corrections involving the hidden sector are beyond the scope of this paper. We will take the following attitude: due to the weak interactions between the matter and hidden sectors we require that each sector generates a maximal contribution to the vacuum energy of O(M Str M 2 vanishes automatically [11] . To higher, and actually arbitrary loop level we are able to control the matter sector with the help of the above-mentioned theorem on the vacuum energy in super-softly broken susy. This way we will obtain realistic theories, whose behaviour towards the vacuum energy is as gentle as possible within nowadays available technologies.
In order to construct the supergravity theory we have to specify the Kähler potential K, the superpotential W and the gauge kinetic function f [12] . The chiral superfields within the matter sector will be denoted by the letters C i and A i ; the total number of C i and A i fields will be denoted by N c . The hidden sector contains a dilaton S and N M moduli fields denoted by T , M i with i = 1 . . . N M −1.
The moduli field T is singled out to play the role of an overall "breathing" mode.
The total number of fields is thus given by
The purpose of this paper is to propose a supergravity theory, which leads to an effective low energy theory with exlusively super-soft susy breaking. Its Kähler potential is given by
The first two terms are familiar from the construction of four-dimensional superstring theories [13] , the second already from "No-scale" [14] or SU (N, 1) [4, 9] supergravity theories. The third term, involving the function h(T, T ), has been proposed as a solution of the so-called µ-problem of the M SSM in [15] . Recently it has also been shown to appear in orbifold compactified superstring theories [16, 17] . In order to allow for the term of the form A i A i + h.c., the fields A i have to transform as real representations under all internal symmetries. (Of course, 
, is just required to lead to a positive definite metricK,
For the superpotential W we make the ansatz
where every term inW is cubic in the fields C i , A i . The first term µ is a familiar result of gaugino condensation in the matter sector [18] . For the gauge kinetic function f we also assume a field dependence of the form
Below we will assume a form of the function h(T, T ) such that all components of the fields A i have positive masses squared and hence vanishing vevs. With
The tree level scalar potential [12] V T ree = e G G, I (G,
is then easily seen to be positive semi-definite, and minimized for
undetermined at this level, but in any case the tree level vacuum energy vanishes exactly. Supersymmetry is spontaneously broken; the corresponding gravitino mass is given by (in the units M P lanck /8π = 1)
In order to derive the effective low energy theory for the matter sector it is of considerable help to note that among all possible G, I only G, T is nonzero. From G, S = G, M i = 0 it follows, e.g., that no susy breaking gaugino masses are present at tree level. From an investigation of the scalar and fermionic interactions, and an appropriate rescaling of the fields in order to achieve canonical kinetic energies, one finds that the effective low energy theory is described by a superpotential W ef f of the form
with
The only susy breaking interactions are indeed of the form of eq. (1), with
Thus we have accomplished the first part of our task. Next we turn to the condition of the vanishing supertrace Str M 2 , in order to tame one loop contributions to the vacuum energy of O(M 2 Susy · M 2 P lanck ) including the hidden sector. In the present case of vanishing gaugino masses, the formula of [20] (see also [8] ) for Str M 2 for general supergravity theories boils down to
In our case, with G, I = 0 except for I = T , we only need
With < A >= 0 and N = N c + N M + 1 we thus obtain
and Let us now discuss the possibility of constructing realistic models within this class of theories. Apart from a reasonable particle content we require sufficiently large masses for the gauginos, squarks and sleptons, and negative masses squared in the Higgs sector in order to trigger SU (2)×U (1) symmetry breaking. Generally this is achieved, if not already at tree level, with the help of radiative corrections.
In the presence of semi-hard soft terms, the most important radiative corrections are logarithmically divergent and most conveniently summed up by integrating the renormalization group equations from the cutoff scale M P lanck down to the weak scale or M Susy .
In a model with exclusive super-soft susy breaking, however, the only logarithmically divergent contributions to the effective action (apart from wave function normalizations) are proportional to F -components of singlet superfields [3] . Consequently, the right hand sides of the RG equations for gaugino, squark and slepton masses as well as trilinear scalar couplings vanish. Nevertheless such masses are radiatively generated; now, however, the corresponding Feynman diagrams are ultraviolet finite.
Let us first have a look at the radiative corrections involving gauge interactions.
We assume that the fields A i , with masses M A and mass splittings as in eq.
(1), transform as representations r under gauge groups a. For m 2 ≪ M 2 A the corresponding gauginos receive one loop masses given by
The Casimir eigenvalue T a r has to be replaced by the charge squared in the case of a U (1) gauge group, and is given by 1/2 resp. N for r denoting a fundamental resp. adjoint representation of SU (N ). At two loop order, all scalars of the theory which transform as representations q under the gauge groups a obtain positive definite masses squared given by [21] 
In the case of U (1) C a q is again given by the square of the charge of q, whereas
2N resp. N for fundamental resp. adjoint representations of SU (N ). The most important Yukawa mediated radiative corrections are the abovementioned logarithmically divergent ones, if a singlet field couples to the massive fields A. Let us assume a corresponding term in the superpotential W ef f ,
Then, to one loop order, the following contribution to the effective potential is obtained:
where F S is an expression quadratic in the scalar fields given by F S = ∂W ef f ∂S . The term (18) is actually the presently harmless result of the singlet tadpole contribution, which can mess up hierarchies in the presence of semi-soft susy breakings [22] . Further Yukawa induced radiative corrections are generally negligible for
A ; the interaction in eq. (17), e.g., gives additionally rise to a positive mass m
and a term linear in S β
These results can already be used to discuss the construction of realistic models.
First, in order to generate realistic gaugino masses for all gauginos of the standard model gauge groups via (15) , the fields A i should carry quantum numbers under all these gauge groups. Second, in order for gaugino, squark and slepton masses via (15) and (16) to be sufficiently large, the ratio (5) as, e.g., 5 + 5.
A realistic class of models can thus be constructed as follows: we identify the fields C i of eqs. (2) and (3) 
where the dots denote the M SSM Yukawa couplings. According to eq. (9) the effective superpotential W ef f then reads
with rescaled Yukawa couplings and M A given by eq. (10) . Note that for generic functions h(T, T ) and vevs of T of O(M P lanck ) we have from eq. (11) Now, at one resp. two loop order, gaugino as well as positive squark, slepton and
Higgs masses are generated according to eqs. (15) and (16) . The logarithmically divergent contribution (18) , with F S = λH 1 H 2 + kS 2 + βA i A i , generates Higgs masses of the form
with 
With We have checked that, after minimization of the complete scalar potential including the S dependent terms (19) and (20), a wide range of parameters λ, k, β, M A and m exists, which leads to realistic particle masses. <H 1 > will be close to 1, whereas tan β will be large in the case where the h t -induced contribution (25) is most important.
Let us conclude with some comments on the prospects of realizing the ansatz for K (eq. (2)), W (eq. (3)) and f (eq. (4)) within string theory. The first two terms in eq. (2) and the form of f in eq. (4) are well known from string theory at tree level. Also a function h(T, T ) has been found to arise at tree level [16, 17] ; the corresponding expression is of the form
With such a function h(T, T ) one finds, from eqs. (10) and (11), M A = m = 0.
However, string loop corrections generate functions h(T, T ) different from (26) [17]. Generally they also modify the first two terms of eq. (2) [25] , and the ansatz for f eq. (4) [26] . The details depend, of course, on the string model under consideration (as, e.g., on the Green Schwarz angles δ i GS ). For the present class of models to emerge it would thus be desirable that string loop corrections leave the Kähler potential K and the gauge kinetic function f untouched, but modify the form of the function h(T, T ). It remains to be seen, however, whether such string models can be constructed.
The purpose of this paper is to point out the existence of supergravity theories with exclusive supersoft supersymmetry breaking, in which even radiative corrections generate a vacuum energy of not more than O(M 4 Susy ). We emphasize the possibility of constructing realistic models within these theories along the lines discussed above. One could imagine that string theory would like to make use of this attractive possibility to control the quantum corrections to the cosmological constant. This would lead to important restrictions on the string models resp. string vacua.
